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ABSTRACT 

Fossil twigs with attached foliage, fruits, and flowers from the middle Eocene of the Green 
River Formation in northeastern Utah and northwestern Colorado and from the early Oligocene 
Florissant beds of central Colorado provide a firm basis for reconstructing two species of an 
extinct ulmaceous genus that was widely distributed in the Tertiary of midlatitude western 
North America and Europe. The fruits are samaras of Cedrelospermum Saporta, a genus pre- 
viously known only from isolated specimens. The distichously arranged, slender, pinnate-veined 
leaves vary from serrate with simple teeth to, less commonly, entire-margined. Corresponding 
isolated leaves in the Green River, Florissant, and other Eocene to Oligocenelocalities ofwestem 
North America are now excluded from Zelkova and Myrica, to which they were previously 
misidentified. The anthers of the staminate flowers contain 3-5 porate pollen with rugulare 
sculpture. Based upon combined characters of phyllotaxy, and leaf, flower, fruit, and pollen 
morphology, Cedrelospermum can be referred to the extant subfamily Ulmoideae, and is similar 
to Phyllostylon, Zelkova, and Hemiptelea. The abundance of Cedreiospermum in lake sediments 
of volcanic areas, together with its production of numerous small winged fruits, suggest that it 
was an early successional colonizer of open habitats. 

THE FOSSIL RECORD of the Ulmaceae, like that 
of‘m(jst angiosperm families, is known mostly 
fi-onl isolated organs because of the tendency 
6r Icaves and other plant structures to be shed 
qxmtely into the sedimentary environment. 
111 the absence of physical attachment it is im- 
possible to prove absolutely that a given leaf 
md fruit represent the same fossil species. 
l‘hcrcfore, fossil twigs showing actual attach- 
mcnt between leaves and reproductive struc- 
arcs are important in providing the best pos- 
\lhlc basis for multiple organ reconstructions 
01 cntinct fossil species. Such reconstructions 
ll~crlita~z an unusually complete understanding 
offhc plant’s biology and systematic relation- 
~tllps. 

Fossil twigs with mutually attached leaves 

Kcceived for publication 22 February 1988; revision 
l<L’vtcd 21 June 1988. 

l~~~portant specimens were contributed by Ed and Ava 
‘:, \villiam Crepet, Bruce Handley, Dennis cngery, 

1 .KL Wolfe, and were observed in museum and uni- 
‘1~ collections through the courtesy of the CUratOrS 

‘.k:i\ .i\sd in thematefialsand methods. Helpful comments 
.:“tl discussion were provided by R. J. Bumham, P. R. 
’ Tdnc. p. Grate, H. Jlhnichen, D. L. Dilcher, D. H. Mai, 
’ Riffle. B. H. Tiffney, and J. A. Wolfe. Figure 48 was 
tirparcd by Meredith Morse. This investigation was aided 

’ \CF grants BSR 84-07841 and EAR 87-07523 to the 
’ “h”r. and by NSF facilities grant PCM 82-12660 to the 
“‘Q’~ cniversity Biology Department for the purchase 

“‘* rna’ntenance of SEM equipment. 

and reproductive structures are in general yen 
rare; however, recovery of such specimens is 
more common in some taxonomic groups t ban 
in others. The dicotyledonous families Faga- 
ceae (Smiley and Huggins, 1981; Manchcstcl 
and Crane, 1983), Salicaceae (Manchester, 
Dilcher, and Tidwell, 1986), and Ulmacese arc 
each represented in Tertiary sediments bv oc- 
casional specimens showing such connections. 
The phenomenon of “self-pruning,” which has 
been reported in extant POPU~US and ~‘~DJJLS 

(Broadhurst, 1917), may improve the proba- 
bility of preserving whole twigs as fossils. ln 
Ulmus americana, for example. mnturc 
branches are easily shed by snapping offcleanly 
at the annual rings or scars formed by the tcr- 
minal bud scales (Broadhurst, 1917). Extant 
Zelkova frequently sheds branches with fruits 
and leaves still attached (Kirchheimer. 195 7, 
and personal observation) and this may explain 
the recovery of numerous fossil twigs of Zcl- 
kova zelkovifolia (Ung.) Biiiek and Kotlaba 
with attached fruits and leaves from the Tcr- 
tiary of Europe (e.g., Kovats, 1856, pl. 6. fig. 
2-5; Saporta, 189 1, pl. 19, fig. 4,s; Manchester, 
in press, fig. 5A-Q and Asia (Kutuzkina. 1982; 
Ishida, 1970, pl. 10, fig. 5, 6; Hu and Chancy, 
1940, pl. 16, fig. 3; Manchester, in press. fig. 
5D). 

This paper considers the extinct ulmaccous 
genus Cedrelospermum Saporta in a whole- 
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species and genus (Unger, 1850) is clearly dis- 
tinct from the later-assigned material and is 
not ulmaceous (Manchester, 1987). The North 
American fruits were formerly assigned to 
Banksites (Lesquereux, 1883; Cockerell, 1925; 
Brown, 1940) andLomatia (MacGinitie, 1953, 
1969) and, together with some co-occurring 
leaf impressions, were regarded as “clear proof 
of the presence of Proteaceae in the flora” 
(MacGinitie, 1953, p. 109). With the discovery 
of specimens showing the fruits attached to 
twigs bearing an unexpected kind of foliage, 
they were removed from the Proteaceae 
(MacGinitie, 1974, p. 68). Detailed morpho- 
logical study of the isolated American and Eu- 
ropean fruits (Manchester, 1987) and of the 
other parts of the plant considered in the pres- 
ent paper provide the basis for recognition of 
Cedrelospermum as an extinct genus of Ul- 
maceae. 

In North America, leaves corresponding to 
Cedrelospermum have been assigned to a va- 
riety of extant genera, including Myrica, Sal&, 
and perhaps most convincingly, Zelkova 
(Brown, 1946; MacGinitie, 1953, 1969, 1974; 
Bumham, 1986). Tanai and Wolfe (1977, p. 
1) were the first to indicate that this leaf type 
might represent an extinct ulmaceous genus, 
based on their preliminary examination of a 
branchlet of such leaves with attached flowers 
(Fig. 15), and excluded it from their revision 
of fossil Ulmus and Zelkova foliage from west- 
em North America. Based upon analyses of 
numerous isolated leaves, Bumham (1986) in- 
terpreted the fossils to represent extant Zel- 
kova, but she considered them to represent a 
distinct morphotype (“Morphotype B”). These 
fossil leaves are indeed similar to those of Zel- 
kova, but are typically distinguished by nar- 
rower laminae and less prominent marginal 
teeth, as well as various fruit and floral differ- 
ences presented herein. 

The completeness with which Cedrelosper- 
mum can be reconstructed enables consider- 
ation of the relationship of this genus to others 
in the Ulmaceae. Functional morphology and 
stratigraphic and geographic distribution pro- 
vide insight into the ecology and history of this 
extinct genus. 

MATERIALS AND METHODS - ClitiCal SpeCi- 
mens showing the linkage between leaves and 

reproductive structures were located by sur? 
veying large collections from the Green River 
Formation and Florissant beds, notably those 
of the United States National Museum, Wash. 
ington, DC (USNM; courtesy J. P. Ferrigno, 
S. L. Wing), the Peabody Museum, Yale Ut& 
versity, New Haven, Connecticut (YPM, tour- 
tesy L. J. Hickey, B. H. Tiffney), the Geological 
Survey, Denver, Colorado (USGS; courtesy J. 
A. Wolfe), Indiana University (IU; courtesy 
D. L. Dilcher) and private collectors Bruce 
Handley, Dennis Kingery, and Ed and Ava 
Cole. Specimens contributed by private col- 
lectors and those collected through fieldwork 
of the author were catalogued into the IU col- 
lection. The descriptions presented in this pa- 
per incorporate data from isolated fruits and 
foliage, as well as from attached specimens, to 
give a more complete perspective of the range 
of variation in these organs. Isolated fruits and 
leaves from the Green River and Florissant 
beds were studied and measured at the Mu- 
seum of Paleontology, University of Califor- 
nia, Berkeley (UCMP, courtesy H. Schom), the 
Field Museum of Natural History, Chicago 
(FM; courtesy P. Crane), University of Colo- 
rado Museum, Boulder (UCM, courtesy P. 
Robinson), the Denver Natural History Mu- 
seum, Colorado (DNHM, courtesy P. Jablon- 
ski), and at Michigan State University, East 
Lansing (MSU; courtesy R. Taggart, A. T. 
Cross), Department of Geology, Waynesburg 
College, Waynesburg, Pennsylvania (WC; 
courtesy R. Camein) as well as at the institu- 
tions listed above. 

The Green River specimens cited here are 
all from the Parachute Creek member of the 
Green River Formation, which is well known 
for its fossil flora (MacGmitie, 1969). Although 
the localities extend from northeastern Utah 
to northwestern Colorado, they represent the 
same lacustrine sequence and this member is 
considered to be middle Eocene (Grande, 1984). 
The Florissant specimens are from lacustrine 
shales near Florissant in central Colorado. The 
Florissant beds are well known for their diverse 
fossil flora (MacGinitie, 1953) and are lower 
Oligocene based on a radiometric date ofabout 
35 million years (m.y.; Epis and Chapin, 1974; 
corrected to new constant) and acceptance of 
37 m.y. as the Eocene-Oligocene boundary. 

While material from the Green River and 

Fig. 5-13. Leaves of Cedrelospermum nervosum from the Green River Formation, Utah and Wyoming. Fig. 5-13. 
5. Leaf with prominent teeth along the margin and craspedodromous venation from a twig with attached fruits; 
counterpart of specimen in Fig. 4. x3. 6. Entire-margined, nearly symmetrical leaf with camptodromous venation, 
from a twig with attached fruits; detail from specimen in Fig. 1. x 3. Fig. 7-10. Isolated larger leaves, probably of 



~~brua0’ 19891 MANCHESTER--EARLY TERTIARY CEDRELospERMuM 

vegetative twigs, showing variability in length/width ratios, symmetry and margin. 7. Lanceolate, nearly symmetrical 
>nf with margin grading from entire near the base to faintly crenulate toward the apex, Watson, Utah, IU 15885- 

- 349. x 1.5. 8. Lectotype (Orig. Newberry, 1898, pl. 67, fig. 2), nearly symmetrical leaf with prominent, blunt, simple 
teeth and stout midvein, USNM 7307, Green River, Wyoming. x 1.5.9. Leafwith asymmetrical lamina and prominent 
teeth, Watson, Utah, IU 15883-7351. x 1.5. 10. Elliptical, nearly symmetrical leaf with obtuse teeth, Watson, Utah 
lu 15755-7352. x 1.5. 11. Vegetative twig with elliptical to lanceolate leaves and small rounded axillary buds. Note 
that the leaves are larger than those on the fruiting and flowering twigs. Watson, Utah, IU 15884-7308. X 1.12. Detail 
from Fig. 10, showing submedial, concave, entry of secondary veins into teeth, well developed tertiary and higher order 
Yenation. x 10. 13. Margin of a leaf with prominent sharp to rounded teeth and excellently preserved venation. Note 
Ihe strong tertiary veins vascularizing the tooth sinuses, and the branched freely ending veinlets, Watson, Utah, IU 
‘W-7353. x 10. 
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15 xl.5 

Fig. 14-18. Flowering twigs of Cedrelospermum nervosum from the middle Eocene Green River Formation, Utah 
and Colorado. 14. Specimen with probable pistillate flowers in the leaf axils, Watson, Utah, IU 1575 l-7042. X 2. IS. 
Specimen with staminate flowers, USGS lot. 8642, Carr Creek, Colorado. USNM 414096. x 1 S. 16. Detail of ffowers 
from Fig. 14, showing two pedicels and three incipient fruit wings. X 7.5. 17. Detail of axillary staminate flowers from 
Fig. 15, showing groups of stamens in each flower, composite photo prepti from negatives of both counterparts. 
x 7.5. 18. Mass of pollen removed from stamen of Fig. 17. x 100. 

Florissant beds is important in authenticating studied in the collections of the Oregon Mu- 
the multiple-organ reconstruction provided seum of Science and Industry (OMSI) and IU. 
here, specimens from other parts of North, Isolated fruits and foliage from the Oligocene 
America and Europe are important in under- Catahoula Formation of Texas were provided 
standing the distribution and variability of from the University of Connecticut (courtesy 
species in this extinct genus. Specimens from W. L. Crepet) and University of Texas (cour- 
the Eocene Clarno Formation of Oregon were tesy T. Delevoryas). Specimens from the upper 
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Fia. 19.20. Scanning electron mierozraDhs of oorate Dollen with vemaeate sculpture from an anther of the staminate 
HOW& shbwn in Fig. 17.19. ~2,000.26. x 3,006. 

Oligocene of Rott, West Germany, were stud- 
ied in the collections of the University of Bonn 
(BONN courtesy H.-J. Schweitzer), the Uni- 
versity of Cologne (KOLN, courtesy E. K. 
Kempf), and the British Museum (Natural His- 
:ory)(V, courtesy C. R. Hill). Fruits from the 
:vliocene of France were examined at the Mu- 
seum National d’Histoire Naturelle de Paris 
(MNHNP; courtesy C. Blanc). Those from the 
upper Eocene of HHring, Tirol, Austria, and 
from the upper Oligocene of Zagorje (Sagor), 
Yugoslavia, were studied at the Geologische 
Biindesanstalt, Vienna (GBV, courtesy F. Sto- 
jaspal), and at Naturhistorisches Museum of 
Vienna (NHMV, courtesy J. Kovar-Eder). 

To obtain pollen, carbonaceous fragments 
were removed from the anther region of sta- 
minate flowers (Fig. 17), cleaned in HCl fol- 
lowed by HF, and macerated on a microscope 
slide using Schultzes solution, washed in water 
and cleared with ammonia. The resulting pol- 
len masses were mounted on microscope slides 
with Protex medium for light microscopy (Fig. 
18), and on aluminum stubs for analysis with 
a Cambridge StereoScan electron microscope 
(Fig. 19, 20). Attempts to analyze the pollen 
by TEM (courtesy W. L. Crepet) proved un- 
satisfactory because of extreme compaction of 
pollen grains in the single specimen available. 

SYSTEMATICS-The following generic de- 
scription is based upon material from both 
North America and Europe, especially on well 
preserved material from the Eocene Green 
River Formation of Utah and Colorado (Fig. 

l-26), the lower Oligocene Florissant beds of 
Colorado (Fig. 27-44), and the upper Oligo- 
cene strata of Rott, West Germany (Fig. 46- 
48). Terminology for the description of leaves 
is adopted from Hickey (1973). 

Cedrelospermnm Saporta 
Amended generic description-Twigs 2.5-8 

cm long, with 4-10 leaves; distichous phyllo- 
taxy (Fig. l-4, 11, 27, 28, 33); internodes 3- 
12 mm, usually similar in length along much 
of each shoot. Axillary buds rounded, about 1 
mm long; vemation conduplicate. 

Leaves narrow, with length/width ratios of 
2.1-9.5 (2 = 4.6), usually elliptical to ovate or 
lanceolate (Fig. 5-l 1, 33-39); 1 l-68 (2 = 37) 
mm long and 2.1-23 (3 = 8.7) mm wide. Apex 
acute, attenuate; base acute with cuneate to 
rounded sides, nearly symmetrical to markedly 
asymmetrical. Petiole stout and relatively short 
(2-5 mm), often bent at junction with lamina. 
Margin occasionally entire but typically ser- 
rate, with simple teeth, distributed one per sec- 
ondary vein. Teeth occurring along the full 
length of the lamina, or confined to the upper 
two-thirds to one-third of the lamina (Fig. 1, 
5); teeth ranging from prominent in some leaves 
to small in others, and typically better devel- 
oped in the upper two-thirds of the lamina. 
Tooth apices typically obtuse or right-angled 
blunt or rounded, nonglandular. The principal 
vein of each tooth is a secondary vein that 
enters the tooth submedially (Fig. 12, 13, 40). 

Venation pinnate; midvein stout, straight to 
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curved. Secondary veins strong, craspedod- 
romous, more or less parallel, arising from the 
midvein at angles of 40-60“, all about equal in 
strength, regularly spaced, 8-21 pairs, uni- 
formly curved toward the margin. Secondaries 
typically giving off a strong exmedial branch 
near the margin that is directed to the tooth 
sinus and along the apical flank of the tooth to 
the tooth apex (Fig. 12, 13, 40); this branch 
particularly prominent in the European species. 
Secondary veins terminating in teeth or, where 
the margin is entire, sweeping upward and thin- 
ning along the margin, losing identity on ap- 
proaching the superadjacent secondary. Inter- 
secondary veins present, up to 5 on each side 
of the midvein, but rarely extending more than 
one-third of the distance to the margin. Ter- 
tiary veins strong, typically percurrent (North 
American species) to disorganized (European 
species). Quaternary and quintemary veins 
strongly impressed. Highest order of venation 
with excurrent branching is the fifth. Areoles 
quadrangular to polygonal, 0.25-1.0 mm; free- 
ly ending veinlets simple, curved, branched 1 
to 3 times. 

Flowers unisexual, axillary in cymes of 3-5 
(Fig. 14-I 7). Anthesis and fruit development 
occurring with leaves expanded. Perianth thin 
and rarely preserved, hypogynous with ap- 
proximately 5 shallow lobes. Staminate flowers 
(Fig. 17) with about 4-6 stamens, consisting 
of anthers 1. l-l .4 mm long with longitudinal 
dehiscence; filaments short or absent. Pollen 
(Fig. 18, 19) is subrounded in equatorial out- 
line, 18-24 pm in equatorial diameter and about 
3-5-porate with sculpture consisting of fine 
scabrae distributed over a rugulate exine sur- 
face. 

Fruits samaroid, nonstipitate, borne on 
ebracteate pedicels 0.5-l .2 mm long (Fig. 2 1). 
Perianth inconspicuous (Fig. 26, 46, 47) with 
about 5 lobes sometimes persisting at the prox- 
imal end of the fruit. Samaras 5.5-l 1.0 (X = 
7.6) mm long and composed of a thin elliptical 
endocarp 2-6 (3 = 4) mm long and 1.34 (.Z 
= 2.3) mm wide, adjoined laterally by a large 
primary wing and (in most specimens of the 
North American species) a small secondary 
wing (e.g., Fig. 22). Primary wing elongate, 2.0- 
3.6 (3 = 2.9) mm wide and oriented oblique 
(1 O-40’) to the long axis of the endocarp with 
5-7 subparallel veins (including marginal veins) 
approximately equal in thickness that converge 
toward a stigmatic area at the distal, adaxial 
margin. Occasional finer veins forming cross- 
ties or running sinuously between the thick 
veins. Secondary wing (present only in Amer- 
ican species; Fig. 2 l-26, 29, 4144) markedly 
smaller, 0.3-0.9 mm long, 0.3-0.7 mm wide, 

subtriangular, oriented nearly parallel to tht 
long axis of the endocarp, typically somewhat 
thicker than primary wing and without obvious 
venation. In the European species and in oc. 
casional specimens of the North Americaa 
species where the secondary wing is absent, the 
stigmatic region of the primary wing distinctly 
cleft (Fig. 25,45-47) with a suture line running 
between the cleft and the endocarp. Endocarp 
surface with reticulate ribbing (Fig. 26,44,47); 
Fruit abscission occurring at the top of pedicel; 
pedicel typically remaining attached to twig 
(Fig. 31). 

Type species - Saporta ( 1889) did not specify 
a type species for Cedrelospermum. The first 
species named by him, C. aquense, is taken as 
the generitype. The holotype of C. aquense, a 
fruit from the upper Oligocene of Aix-en-Pro- 
vence, France, is refigured photographically in 
Manchester (1987, pl. I, fig. 4). 

Nomenclature-Physical connections be- 
tween leaves and fruits prove that these dif- 
ferent plant parts were produced by the same 
genus of fossil plant although these organs have 
long held separate generic names. Additional 
names have resulted from the fact that the 
shared generic affinity of the European and 
American species long went unrecognized, 
resulting in separate generic assignments until 
recently (Manchester, 1987). Although Mac- 
Ginitie (1974) proposed the generic name 
Alafructus based upon American specimens, 
the name Cedrelospermum, was published ear- 
lier (Saporta, 1889) and must be given priority. 
This name also has priority over others that 
have been applied to the dispersed fruits in- 
cluding Embothrites and Banksites (synonymy 
and discussion, Manchester, 1987). 

Distinction of species -Two American 
species and at least one European species’ of 
Cedrelospermum can be recognized on the ba- 
sis of differences in fruit size and wing devel- 
opment and leaf set-ration and venation as 
indicated in the following key. Some intergra- 

2 In my previous treatment of Cedrelospermum (Mm 
Chester, 1987), I mistakenly referred all of the EuroPa 
fruits to C. leptospermum (Ettingshausen) Manch. Al- 
though the epithet leptospermum (Ettingshausen, 1gS) 
was oublished orior to C. auuense. the later epithet has 
priority because it is the type species of Saporta’s Cedre- 
lowermum. It mav be that the older, smaller fruits de- 
s&bed by Ettingshausen represent a species distinct from 
C. aquense, for which the name C. Ieptospermum Would 
be required, but larger collections of the fruits, and a better 
understanding of associated foliage are necessary to eval- 
uate this possibility. :‘, 
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F,~. 2 l-26. Cedrelospermum nervosum fruits from the Green River Formation near Watson, Utah. Magnified x 5 
.,cCpt as noted. 21. Detail from Fig. 2, showing three fruits attached by slender pedicels to the leafaxil. 22. Fruit 
,ho,, ~ng the striated endocarp impression, the large primary (P) and small secondary(S) wing. As is typical, the marginal 
,rlll \ approximately equivalent in strength to the other veins of the primary wing, IU 15753-7334. 23. One of the 
,q! .iuits observed for this species; contrast with fruits of C. Iineatum from Florissant (Fig. 29,41,42); IU 15753- 
-13.~ 24. Specimen with a relatively broad primary wing and poorly developed secondary wing, IU 15753-7328. 25. 
~l~gtdy unusual specimen for this species, with a single wing (no secondary wing) having a distal stigmatic notch similar 
:I, that typical of the European species; compare with Fig. 45, 46; IU 15753-7337. 26. Detail from Fig. 24, showing 
\tdtow perianth at the base (arrows), and striations of the endocarp. x 10. 

tlation occurs, such that some leaves or fruits 
liom the Green River Formation may resem- 
bit those from Florissant and vice versa, but 
I hc normal leaves and fruits of each species are 
rc;. 1 l y distinguished by characters comparable 
IO inose used in distinguishing modern species 
of elms. 

I a. Fruits normally with two wings, one large 
and prominent, the other very reduced, 
stigmatic area positioned along the distal, 
adaxial surface of the primary wing, not 
confined to a notch.. . . . . . . . . . . . . . . . 2 
2a. Fruits small, almost always less than 

1 cm long, leaves usually not mark- 
edly asymmetrical, frequently par- 
tially or completely entire-margined, 
teeth often blunt to rounded (type 
stratum: Eocene Green River Forma- 
tion . . . . . . . . . Cedrelospermum ner- 

VOSWI (Newb) Manch. comb. nov. 
2b. Fruits large, usually greater than 1 cm 

long, leaves usually markedly asym- 
metrical, always serrate, teeth prom- 
inent, frequently sharp (type stratum: 
Oligocene Florissant beds) . . . . . . . . 
. . . . . . . . Cedrelospermum lineatum 

(Lesq.) Malnch. 1987. 
1 b. Fruits with only one wing, stigmatic area 

confined to a notch at the distal wing mar- 
gin (late Eocene to Miocene of Europe 

. . . . . . . . . . . . . Cedrelospermun aquense 
(Saporta) Saporta. 

Cedrelospermum nervosum (Newberry) 
comb. nov (Fig. l-26) 

Basionym-Planera nervosa Newberry 1883, 
p. 508; 1898, p. 82, pl. 67, fig. 2, 3. 

Amended species description--Twigs up to 
2.5-8 cm long, with 4-10 leaves; internodes 
3-12 mm long. Leaves narrow elliptical (with 
the widest part midway between the base and 
apex) to ovate or lanceolate, with the widest 
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part typically one-third to one-half of the dis- 
tance from the base to the apex; leaves 1 l-65 
(X = 34; N = 81; SD = 12.9) mm long, 2.1- 
23 (X = 8.5; N = 81; SD = 4.7) mm wide, with 
length/width ratios 2.1-9.5 (2 = 4.6; N = 81; 
SD = 1.4). Apex acute, attenuate, base acute 
with cuneate to rounded sides, nearly sym- 
metrical to asymmetrical. Petiole 1.7-6.5 (.Z = 
3.5; N = 63; SD = 1.12) mm long. Leaf margin 
variable from entire to serrate. Serrate leaves 
with simple teeth, distributed one per second- 
ary vein; teeth occurring along the full length 
of the lamina, or confined to the upper two- 
thirds to one-third of the lamina. Teeth obtuse 
or right-angled, blunt or rounded, less fre- 
quently sharp, typically with a convex upper 
flank and convex outer flank. Venation pin- 
nate; midvein stout, straight to curved. Sec- 
ondary veins regularly spaced, 6-l 8 (X = 10; 
N = 44; SD = 3.6) pairs, uniformly curved 
toward the margin, terminating in teeth or, 
where the margin is entire, sweeping upward 
and thinning along the margin, losing identity 
on approaching the superadjacent secondary, 
not forming prominent marginal loops. Ter- 
tiary veins sinuous, often oppositely and al- 
ternately percurrent, oriented at right, or some- 
what obtuse angles, to midvein. Higher order 
venation forming a regular, more or less or- 
thogonal mesh; highest order with excurrent 
branches 5th. Areoles 4-sided to polygonal. 
Freely ending veinlets simple, straight to 
curved, or branched once or twice. 

Flowers unisexual, axillary in fascicles of 3- 
5. Anthesis and fruit development occurring 
on new wood, with intact leaves. Perianth thin 
and rarely preserved, number of lobes uncer- 
tain. Staminate flowers with about 4-6 tetra- 
locular stamens per llower, consisting of an- 
thers 1.1-1.4 mm long with longitudinal 
dehiscence; filaments short or absent. Pollen 
subrounded, 18-22, X = 20 pm with 4-5 pores 
and rugulate with fine scabrae. 

Samaras 4.4-l 1.0 (X = 7.5; N = 28; SD = 
1.3) mm long and 1.9-4 (2 = 2.9; SD = 0.45) 
mm wide, borne on pedicels 0.5-l .2 mm long; 
endocarp thin, oval 2-3.5 mm long and 1.3- 
2.6 mm wide adjoined by 2 (rarely 1) lateral, 
asymmetrical wings (Fig. 2 l-24): the primary 
wing elongate, oriented oblique to the long axis 
of the seed with 5-7 subparallel veins, includ- 
ing marginal veins, approximately equal in 
thickness that converge toward a stigmatic area 
at the distal, adaxial margin. The secondary 
wing much smaller than the primary, 0.3-0.9 
mm long, 0.3-0.7 mm wide, subtriangular ori- 
ented nearly parallel to the long axis of the 
seed, often somewhat thicker than the primary 
wing and without obvious venation. In rare 

cases where the secondary wing is absen 
25), the stigmatic region of the primary $- 
is distinctly cleft. Endocarp surface reti ’ 

* with wrinkles oriented parallel to the 10~~ 
nf thn nnrtnnn- /Fig. 2’7 ‘JLl i- 

Material-The above description is 
strictly upon material from the middl 
Parachute Creek Member of the Gree 
Formation, from which the mutually attach 
leaves, flowers and fruits were obtained. b 
calities include IU 15751, 15753, 15754 
15755,15883,15884,15885,USGS8773,aea; 
Watson, Uintah County, Utah; UCMP-PAlotj 
IU 15727, 18001 from Wardell Ranch, & 
Blanc0 County, Colorado, and USGS 8642 
Carr Creek, Garfield County, Colorado. 

Specimens with attached leaves and fruit 
include IU7043 (Fig. 1, 6), IU7041 (Fig. 2), 
IU7044 (Fig. 4,5), IU7347, and USNM 385% 
(Fig. 3). Specimens with attached flowers ia. 
elude IU7042 (Fig. 14,16) and USNM 414096 
(Fig. 15, 17). One nonreproductive twig of 
leaves is known (IU7308; Fig. 11). More t&at 
45 fruits were examined, including 33 at II) 
(including IU7326-7345), 9 at USNM, and s 
at UCMP. In addition to USNM 7307, here 
designated the lectotype (Fig. 8), more than 80 
isolated leaves were examined, including 70 at 
IU (including IU 7349-7353), and 11 at USNM. 

The following published leaf records from 
the Green River Formation conform to this 
species: Planera nervosa (Newberry, 1898, p, 
82, pl. 67, fig. 2, 3; Brown, 1929, pl. 71, Iig, 
7-9); Myrica praedrymeja Knowlton (1923, p, 
157, pl. 36, fig. l-3); Myrica minuta Knowlton 
(1923, p. 157, pl. 37, fig. 12; Brown, 1934,~~ 
54, pi. 9, fig. 1, 2); Salix lineara Knowlton 
(1923, p. 155, pl. 37, fig. 8); Rhus myricoide 
Knowlton (Brown, 1929, p. 287, pl. 73, fig. 9); 
Zelkova nervosa (Newberry) Brown (1946, P< 
346; MacGinitie, 1969, p. 99, pl. 5, fig. 2, 5: 
pl. 10, fig. 2, 4, pl. 23, fig. 4). , I 

In addition, the following citations of fruiti 
from the Green River Formation conform tc 
this species: Banksites lineatulus Cockerel 
(1925, p. 8, pl. 2, fig. 3); Lomatia lineatulu 
(Cockerell) MacGinitie (1969, p. 99, pl. 16, fig 
6,7); Cedrelospermum lineatum (Lesq.) Ma& 
(Manchester, 1987, pl. I., fig. 5-7, 9, only). 

Discussion - Cedrelospermum nervosufl 
branchlets with attached leaves and fruits m 
cur in the middle Eocene Parachute Creel 
Member ofthe Green River Formation in Ud 
and Colorado, Isolated leaves and fruits an 
abundant in the same horizon, and MacGinitir 
(1969, 1974) calculated that this species wa! 
the second most abundant leaf type in fhj 
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,.c,,c Uinta Lake. Although less abundant in 
islitics outside the Gfeen River Formation, 
_,,3tCd leaves and fruits that appear to con- 
~1,,, *o c. nervosum occur m the early middle 

: ,.cnt’ Gsinger ekes flora of the Absaroka 
,,,,,,.i”ce of Wyommg (MacGinitie, 1974) and 

lhc, m jddle to late Eocene Clam0 Formation 
, orcgon (West Branch Creek, and Gosner 

.;,,,,J Icalities; Manchester, 1987, and un- 
,I,I~? d data). . 
l,c‘a ,, L’s of Cedrelospermum nervosum are 

+I!. variable in marginal character, size and 
.,l.,pc’, The extent of this vanability, which 
,+ ,ously could only be deduced from suites 
I dclached leaves, can now be confirmed by 
,,( ,.ariation of leaves on whole branches (Fig. 
A. 1 I). The presence of occasional entire- 

,.!.,rgined leaves in C. nervosum is proved by 
.;,T,r :tttachment to twigs that also bear the 
..lorc’ oical serrate leaves, and characteristic 
-1111~ :g. 1). Such leaves were not previously 
.,,<luLlcd in the concept of this species. The 
.-.productive branches recovered so far have 
.<l;ltivcIy small leaves 12-29 mm long; but 
‘;;,!.cs of the vegetative shoot (Fig. 11) reach 
.Irgcr dimensions of 27-40 mm. It is therefore 
:~,jy that many of the larger isolated leaves 
:(prcscnt foliage of mature vegetative branch- 
,.\. (‘omparable size dimorphism occurs in ex- 
!,m /dkovu (Burnham, 1986). 

r~ !wigs with intact axillary flowers (Fig. 
! 4. I j indicate that the flowers were unisexual 
.~nd that flowering occurred with the leaves 
:ully expanded. These bear the same kind of 
:;.;Ivc‘s as the fruiting twigs. One of the speci- 
:ncns appears to be pistillate, with up to 3 
;xxiicels per leaf axil, each terminated by a 
.Imcllar structure (Fig. 16), about 1 .O mm long 
tnd thickened along one lateral margin, inter- 
;vctc‘ti to represent the incipient fruit wing. No 
urn ‘s appear to be present on any of the 
()\\t .3f this twig. The other specimen shows 
\clus!\,ely staminate flowers (Fig. 17), 3-4 in 
11~ asil of each leaf. The 4 to 6 stamens of each 
()\vcr are tightly clustered, each about 1. l-l .4 
In1 long. Perianth parts are not preserved in 
llhcr of the flowering shoots, and are inter- 
lrctcd to have been relatively thin. 

X&es of pollen are preserved within the 
ramcns (Fig. 18-20). Although the pollen is 
‘ghl! compressed, it is clearly porate and has 
tutp :-e consisting of closely spaced fine sca- 
‘UC ( er a rugulate surface. Individual grains 
‘old not be dislodged from the compressed 
“‘llcn masses, and on most grains, it is difficult, 
“lh with light microscopy and with SEM, to 
I”Olve the number of pores. However, from 
” fcW grains for which pore number could be 
hsemedY and from the number of angles on 

polygonal grains, the number of pores is clearly 
variable and probably ranges from 3-5 pores 
per grain (Fig. 19, 20). 

The fruits of this species are quite uniform 
in morphology, generally consisting of both a 
large primary wing and a small secondary wing 
(Fig. 21-24); however, out of 43 specimens 
from the Green River Formation one specimen 
was found that lacks the secondary wing and 
bears a distal stigmatic cleft (Fig. 25). This is 
the normal condition for fruits of the European 
species (Fig. 45-47) and has been observed 
occasionally in populations from the Clarno 
Formation of Oregon (Manchester, 1987). 

Cockerell(l925) was the first to distinguish 
the Green River hits of Cedvelospermum (then 
placed in Banksites) as a separate species from 
those of the younger flora at Florissant. Noting 
that these fruits are “smaller and presumably 
a different species,” from those described pre- 
viously by Lesquereux (1883) as B. lineata from 
Florissant, he coined the epithet lineutuhs for 
the Green River disseminules. In my recent 
treatment of isolated fruits from North Amer- 
i& and Europe (Manchester, 1987), I recog- 
nized only one species for the American fruits, 
believing that the size difference was insignif- 
icant, and thus placed specimens from the 
Green River and Clarno formations together 
with the Florissant species. Having now stud- 
ied larger populations of fmits both from Flo- 
rissant and Green RivFr,.I believe there is a 
good basis for maintammg Cockerell’s dis- 
tinction although the epithet nervosum (New- 
berry, 1898) takes priority over lineatuhs. Ta- 
ble 1 compares fruit and leaf dimensions for 
specimens from the Green River and Floris- 
sant collections. Qualitative differences in the 
attached foliage, discussed in the next section, 
also support the recognition of this Eocene 
Green River species as distinct from the Oli- 
gocene Florissant species. 

Cedrelospermum lineatum (Lesq.) Manch. 
1987 (Fig. 27-42) 

Basionym-Bar&sites lineatus Lesquereux 
(1883, p. 165, pl. 32, fig. 21.) 

Amended species description -Twigs 2.5-8 
cm long, with 4-10 leaves, internodes 3-12 
mm. Leaves usually narrow ovate or lanceo- 
late, with the widest part usually one-fourth to 
one-third of the distance from the base to the 
apex, rarely elliptical; lamina 1 l-68 (X = 40; 
N = 110; SD = 13.4) mm long and 3.2-21 (X 
= 8.9; N = 110; SD = 3.2) mm wide; length/ 
width ratios 2.5-8.6 (2 = 4.6; iV = 110; SD = 
1.1). Apex acute, attenuate, base acute, usually 
markedly asymmetrical to almost symmetri- 
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Fig. 27-32. Branches with leaves and fruits of Cedrehpermum Iineatum (Lesq.) Manch. from the lower Oligs 
Florissant flora, Colorado. 27. Twig showing distichous phyllotaxy and well-preserved leaves. Rectangular outline 
indicates position of attached fruits enlarged in Fig. 30, YPM Pb25232. x 1.5. 28. Specimen showing three orders ,$f 
branching, with the fruits and most of the leaves shed, YPM Pb25244. x 1.29. Lectotype of Cedrelospermum Iineat+$! 
@so.) Manch., originally figured as Banksites lineatus (Lesquereux, 1883), showing distinctive venation of fruit WnJg 
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~,.,“LE I. Comparison offmit and leaf dimensions for different species of Cedrelospermuma 

c. nervowmb C. lineatunf c. ap4m.s~ 
- 

Frmts 
Number measured 
Fruit length, mm 4.: 1 (7.5) 94:: (11.2) 6.5z.O (11.0) 

SD 1.29 1.34 2.05 
Fruit width, mm 1.940 (2.9) 2.2-5.5 (4.2) 3.0-6.0 (4.6) 

SD 0.45 0.69 0.83 
Et&carp length, mm 1.5-4 (2.9) 3.2-5.0 (4.2) 2.0-6.0 (4.3) 

SD 0.44 0.51 0.85 
Endocarp width, mm 1.0-2.6 (1.7) 2.0-3.8 (2.5) 1.5-4.0 (2.7) 

SD 0.33 0.38 0.55 
Leaves 

Number measured 110 
Leaf length, mm 1125 (35) 1 l-68 (40) 

SD 12.9 13.4 
Leaf width, mm 2.1-23 (85) 3.2-21 (8.9) 

SD 4.66 3.21 
Length/width ratio 2.1-9.5 (4.6) 2.5-8.6 (4.6) 

SD 1.42 1.06 
including range (and mean). 
From the Middle Eocene Parachute Creek Member of the Green River Formation, Utah and Colorado. 
From the early Oliaocene Ho&ant beds. Colorado. 

J From the late-Oligocene of Rott, West Germany. 

Cal. Petiole 1.8-6.0 mm long. Leaf margin 
prominently serrate with simple teeth begin- 
ning near the base; no entire-margined leaves 
observed. Teeth with right angle apices that 
r:pically are not rounded, usually with a straight 
I 3per flank and straight to slightly concave 
(less commonly convex) outer flank. Secondary 
veins regularly spaced, 8-21 pairs, uniformly 
curved toward the margin and terminating in 
teeth. Tertiary veins typically percurrent, or 
semireticulate, oriented at right or obtuse an- 
gles to the midvein. Higher order venation 
forming a regular, more or less orthogonal mesh; 
highest order with excurrent branching 5th. 
keoles 4-sided to polygonal. Freely ending 
.?inlets once to twice branched, straight, or 
urved. 
Samaras 9-14.5 (2 = 11.2; N = 28; SD = 

1.34) mm long and 2.2-5.5 (Z = 4.2; N = 28; 
SD = 0.69) mm wide, borne on pedicels 2.0- 
3.0 mm long; endocarp thin, elliptical 3.2-5 (2 
= 4.2; N = 28; SD = 0.51) mm long and 2.0- 
3.8 (2 = 2.5; N = 28; SD = 0.38) mm wide, 
adjoined by 2 lateral wings: the primary wing 
is oriented oblique to the long axis of the seed 
md possesses 6-8 subparallel veins, including 
.;.arginal veins, of approximately equal thick- 

ness, that converge toward a stigmatic area at 
the distal, adaxial margin. Secondary wing mi- 
nute, subtriangular, oriented nearly parallel to 
the long axis of the seed, often somewhat thick- 
er than primary wing and without obvious ve- 
nation. Some specimens showing only vestigial 
secondary wing and concave stigmatic area. 
Endocarp surface reticulate. 

Material-The above description is based 
strictly upon material from the lower Oligo- 
cene Florissant beds, from which mutually at- 
tached leaves and fruits were obtained. Specific 
localities include IU 15877,15880, and UCMP 
373 1, 3732, 3733 in Teller County, Colorado. 

Branches with attached leaves and/or fruits 
include YPM-PU 25232 (Fig. 27, 30), YPM- 
PU 25244 (Fig. 28, 31), USNM 387542 (Fig. 
32), YPM-PU 25236 (Fig. 33), USNM 33 1732, 
50237,331805,331814,331825,332848. Iso- 
lated fruits include the lectotype (USNM 178 1, 
Fig. 29) and 2 others at USNM, 5 at IU [in- 
cluding IU 7275 (Fig. 41), IU 7274 (Fig. 42), 
IU 7273, 7276, 73071, 3 at FM (including 
P23076, P23085, P23073), 6 at UCMP (in- 
eluding UCMP 3665-3667 + uncat.), 2 at MSU, 
4 at UCM, 1 at DNHM, and 1 at WC. Isolated 

USNM 1781. x 5. 30. Counterpart of specimen in Fig. 27, showing faintly preserved fruit of C. heatum; arrows 
indicate margin of fruit wing; for comparison with Fig. 29. x3. 31. Detail of twig in Fig. 28, showing two to three 
persistent fruit pedicels at each node. x 2. 32. Vegetative branch with three lateral twigs and typical leaves larger than 
those of the fruiting twigs (Orig. Lesq. 1883, pi. 26, fig. 5), USNM 387542. x0.5. 



268 AMERICAN JOURNAL. OF BOTANY 
.C‘ 

[Vol. la 

Fig. 33-40. Variation in leaves ofCedrelospermum Iineatum from Florissant, Colorado. 33. Vegetative twig showing 
distichous phyllotaxy, asymmetrical leaves and small axillary buds, YPM-Pb25236. x 1.34. Typical leaf, asymmetrical 
with prominent, sharp right-angle teeth, and stout petiole, IU 15880-7277. x 1.5. 35. Another example IU 15880- 
7279. x 1.5. 36. Leaf with obtuse, blunt teeth uncommon for this species, III 15880-7284. x 1.5. 37. Large, broad 
ovate leaf with well-preserved venation, IU 15880-7297. x 1.5.38. Small leaf atypical for this species in being nearly 
symmetrical and in lacking prominent teeth in the basal % of the lamina, IU 15880-7287. x 3. 39. Small leaf with 
typical prominent teeth and strongcraspedodromous secondary veins, IU 15880-7286. x 3.40. Counterpart ofspecimen 
in Fig. 33, magnified to show venation. Note that the secondary veins are often convexly curved upon entering the 
tooth. Sinuses of the teeth are braced by strong tertiary veins. Tertiary veins are mostly percurrent. x 10. 
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Z;,,c’s examined include 26 at IU (including 
7377-7306, Fig. 34-40), 10 at MSU, 27 at 

i$. 42 at USNM, 19 at DMNH, and about 
.< al UCMP. 
-‘The following published citations of leaves 
,lom Rorissant represent Cedrelospermum 

;i, 
,,,rlllrm: Rhus (?) drymeju Lesquereux (1874, 

J 16); Callicoma microphyla ? Ett. (Les- 
,ll,l’! :1x, 1878, pl. 43, fig. 2-4);Myricadrymeja 
, Lc‘y ,I Knowlton (1898, p. 146; Cockerell, 
j i) 10. p. 40, fig. 5); Myrica acuminata Lesq. 
‘l,ol unger] (1878, p. 130, pl. 17, fig. 2,3 only); 
‘rl,,,*icsa calIicomaefo/ia Lesquereux (1878, p. 
I ~6. ~1. 26, fig. 5-14); Zefkova Morphotype B 
, Isurnham, 1986, P. 154, ~1. 1, fig. 3, 5). 

ln addition, the following citations of fruits 
! 
! 

riom florissant represent C. Zineatum: Bank- 
,,,(‘.s lineatus Lesquereux (1883, p. 165, pl. 32, 
I;~. 3 I); Lomatia line&a (Lesq.) MacGinitie 
II’ :. p. 108, pl. 34, fig. 4-6); Cedrelospermum 
;iljc .//urn (Lesq.) Manchester (1987, p. 124, pl. 
’ lig. 9). -. 

Discussion-This species is a common and 
Clistinctive component of the early Oligocene 
Florissant flora, and is the second most abun- 
cfant leaf type in the assemblage (MacGinitie, 
I Y j 3). The species is also represented by fruits 
(Fig. 43, 44) and foliage (IU 8026) in the Oli- 
go :ne Catahoula Formation of Texas. The 
I;I, x locality, from which a diverse angio- 
qxrm flora is being investigated (Daghlian, 
(‘repet, and Delevoryas, 1980), represents the 
castemmost occurrence of Cedrelospermum 
known in North America. 

Two Florissant specimens confirm the con- 
specificity of fruits and leaves of Cedrelosper- 
wwn lineatum. One is a twig of eight leaves 
showing two faintly preserved samaras at the 
j ~‘nction between one ofthe leaves and the twig, 
:. :arently in axillary position (Fig. 27, 30). 
‘I IX other specimen shows attached pedicels 
of fruits that have been shed (Fig. 28), and 
confirms the axillary position and cymose in- 
llorescence type. Two to three ebracteate ped- 
iceIs are visible at each node (Fig. 31), and it 
is possible that 1 or 2 additional pedicels could 
he hidden by sediment. 

Within the range of variation in C lineatum 
Ibliage, some individual leaves could be dif- 
!’ 111 to distinguish from some leaves of C. 

wum. Previous suggestions that the two 
Vccies can be distinguished on the basis of size 
(IlacGinitie, 1969) are not clearly supported 
hY the statistics for the larger sample sizes now 
available (Table 1). However, I agree with 
brown (1946) and MacGinitie (1969) that the 
nokant leaf impressions tend to be more 

inequilateral and falcate in shape; and the mar- 
ginal dentations are more angular than in the 
Green River species. In addition, all leaves of 
C. lineatum are serrate along most of their 
length, whereas those ofC. nervosum vary from 
serrate to entire-margined. The teeth are fre- 
quently more angular in C. lineutum leaves 
than in those of C. nervosum, and the second- 
ary veins commonly bend convexly as they 
enter the teeth in C. Iineatum (Fig. 40) but 
usually bend concavely upon entering the teeth 
of C. nervosum (Fig. 12, 13). 

In addition to the reproductive branches, the 
collections from Florissant include large sec- 
tions of vegetative branches. Examples are il- 
lustrated in Cockerell(l9 10, p. 42) and in Fig. 
32, 33. The leaves of vegetative branches are 
generally larger and more asymmetric than 
those of fruit bearing branches. 

C~MPARI~~NWITHEUR~PEANUATERIAL-I~ 
Europe Cedrelospermum ranges stratigraph- 
ically from the late Eocene (e.g., Hiring, Aus- 
‘tria) to the late Miocene (e.g., Randecker Maar, 
West Germany) and was geographically wide- 
spread, with localities in France. West Ger- 
many, East Germany, Austria, Yugoslavia, 
Czechoslovakia, and Hungary (Riiffle, 1963, 
sub Embothrites borealis; Manchester 1987, 
sub Cedrelospermum leptospermum). 

Assignment of the American species consid- 
ered in this paper to a genus initially estab- 
lished from European fossils follows from care- 
ful comparison of specimens from both 
continents (Manchester, 1987). Cedrelosper- 
mum is diagnosed on the basis of fruits (Sa- 
porta, 1889; Manchester, 1987), and as yet no 
specimens from Europe show a connection with 
foliage. However, the utility of fruit characters 
in generic taxonomy of extant Ulmaceae 
(Manchester, in press) supports the validity of 
using such characters to evaluate the conge- 
neric status of the American and European 
fossils considered here. The generic name Ala- 
fructus formerly proposed for the American 
fruits (MacGinitie, 1974) is regarded as ajunior 
synonym of Cedrelospermum, but could have 
utility at the subgeneric rank depending on the. 
results of more intensive multiple-organ in- 
vestigations of the European species. 

European Cedrelospermum fruits (Fig. 45- 
47) are similar to those from North America 
in dimensions (Table 1), shape, orientation and 
venation of the wing, oval shape and ribbed 
sculpture of the endocarp, and occasional per- 
sistence ofa small perianth. The wing venation, 
including a marginal vein and 5-7 subparallel 
veins that converge toward a distal stigmatic 
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Fig. 41-47. Fruits of CedreIospermum from the Tertiary of Colorado, Texas, Germany, and Czechoslovakia. All 
x 5. Fig. 41, 42. Typical specimens of C. lineutum from Florissant, Colorado, contrasting by their larger size with 
typical fruits of C. nervosum (Fig. 21-26). 41. ILJ 15880-7275. 42. IU 15880-7274. Fig. 43, 44. Cedrelopermum 
lineatum fruits from the Oligocene Catahoula Formation, near Huntsville, Texas. 43. Specimen with relatively well- 
developed secondary wing. IU 8024. 44. Specimen showing striations of the endocarp impression. IU 8025. 45. 
Cedrelospermum aquense, (orig. Embothrites leptospermum Ettingshausen, 1855, pl. 14, fig. 21), Tom Hiring, Austria, 
with characteristic V-shaped stigmatic notch (V) distally and absence of a secondary wing (cf. Fig. 22,43); the small 
size is typical for this late Eocene locality. NHMV. Ett. #13. Fig. 46-48. Specimens of C. aquense from the late Oligocene 
of Rott, West Germany, BONN Coll. 46. Unusually small specimen for this locality; note the prominent suture line 
(S) leading to the well-developed stigmatic notch (V) at the distal end of the wing, and bulge at the proximal end of 
the endocarp indicating position of the perianth (arrows). 47. Specimen showing persistent perianth (arrow), and well- 
preserved reticulate sculpture of the endocarp. 

area, with only occasional crossties, isalso sim- 
ilar between these species. The only morpho- 
logical difference that I am aware of is that all 
of the European specimens (including those 
illustrated previously in the literature and about 
35 that I have observed in the collections of 
BONN, KOLN, MNHNP, GBV, NHMV, and 
BM) lack the secondary wing, but have a well 
developed stigmatic cleft in the primary wing 
(Fig. 45-47). The presence ofa small secondary 
wing and the absence of a well-developed stig- 
matic cleft is a characteristic feature of both of 
the American species (Fig. 21-24,29,41-44). 
However, among the American populations of 
C. nervosum and C. lineatum, there are oc- 
casional specimens that resemble the European 
specimens in the absence of a secondary wing, 

and presence of a good stigmatic cleft (Fig. 25; 
Manchester, 1987, pl. II, fig. 4, 6, 7), a phe- 
nomenon supporting the conclusion that these 
species should be placed in the same genus. 

Based on similarity with the attached Amer- 
ican foliage and on evidence of association at 
localities where C. aquense fruits have been 
collected, Tremophyllum tenerrimum (Weber) 
Riiflle appears to be a likely candidate for the 
kind of leaf that was produced by the European 
species of Cedrelospermum. Riiffle (1963) es- 
tablished the foliage genus Tremophyllum and 
assigned it to the Ulmaceae based on l:om- 
parison with the extant celtoid genus Trema. 
Riiffle observed similarities of small size, 
asymmetrical leaf shape, serration and tertiary 
venation between the fossil and Trema. How- 

;I 
ir 
tt 
ti 
fl 
g 



February 19891 MANCHESTER--EARLY TERTIARY CEDRELOSPERMUM 271 

ever, Tremophyllum leaves are more similar 
to those of the Ulmoideae in the true pinnate 
venation and in the presence of only one tooth 
per secondary vein. Tremophyllum tenerri- 
mum leaves co-occur with fruits of Cedrelo- 
spermum aquense at the Oligocene of Rott and 
Miocene of Randecker Maar, West Germany, 

Tremophyllum tenerrimum leaves resemble 
those of the American Cedrelospermum species 
in the shape, size, spacing of simple teeth, and 
obtuse often blunt teeth. Indeed, Lesquereux 
(1878) recognized this when he assigned spec- 
imens from Florissant with a question mark 
to “Callicoma microphylla,” the name that Et- 
tingshausen (1855) applied to the specimens 
from the late Oligocene ofZagorje (Sagor), Yu- 
goslavia. Nevertheless, they are distinct in some 
important respects. The secondary veins each 
give off a branch to the sinus that is more 
,rominent than those of the American species. 
in addition, the arrangement of tertiary veins 
is more or less random in T. tenerrimum (Wey- 
land, 1938, pl. 7, fig. 13), in clear contrast to 
the percurrent pattern of C. nervosum and C. 
lineatum. 

SYSTEMATIC POSITION OF CEDRELO- 
SPERMUM-Knowledge of several organs of 
Cedrelospermum, including ieaves, flowers, 
pollen and fruits, provides a rare opportunity 
:br precise reconstruction (Fig. 48) and for de- 
tailed multiple-organ comparison between a 
fossil dicotyledon and its living relatives. The 
combination of distichous phyllotaxy, ellipti- 
cal to lanceolate, often asymmetrical leaves, 
with nonglandular teeth and short stout peti- 
oles, flowers borne in axillary fascicles, supe- 
rior, bicarpellate ovaries, fruits with a persis- 
tent stigmatic area along part of the wing and 
porate pollen with verrucate ornamentation 
.>onfirms the position of Cedrelospermum 
within the Ulmaceae. However, this fossil pre- 
sents a unique combination of characters that 
distinguishes it as an extinct genus in the family 
(Table 2). 

Extant Ulmaceae are divided into two 
subfamilies: the Ulmoideae, with about 6 
genera and the Celtidoideae with about 10 gen- 
era. The subfamilies are distinguished by mor- 
phological characters of the leaves, flowers, 
‘i’uits, and pollen and are distinct in their fla- 
:,.onoid chemistry (Giannasi, 1978). Some 
workers (e.g., Grudzinskaya, 1967) elevate the 
Celtidoideae to familial status, noting that the 
Celtidaceae resemble the Moraceae as closely 
as the Ulmaceae sensu stricto. For present pur- 
Poses I am using the Ulmaceae in its tradi- 
tional, broader sense. Cedrelospermum is 
placed firmly within the Ulmoideae and dif- 

Fig. 48. Reconstruction of a fruiting branchlet of Ced- 
relospermum nervosum, X about 2. 

ferentiated from the Celtidoideae on the basis 
of leaf venation (pinnate, not pinnipalmate) 
fruit type (samara with flattened endocarps 
rather than drupe with globose endocarp) and 
pollen pore number (3-5 rather than 2-3) and 
ornamentation (scabrae distributed over ru- 
gulate, rather than over smooth, surface). 

Table 2 compares Cedrelospermum with ex- 
tant genera of the Ulmoideae in selected char- 
acters of foliage, flowers and fruits. Within the 
Ulmoideae, Cedrelospermum appears to be 
closest to Zelkova, Hemiptelea, and Phyllo- 
stylon. These genera, like Cedrelospermum, 
have asymmetrically developed, nonstipitate 
fruits and leaves with simple teeth. Ulmus, Pla- 
nera, and Holoptelea differ from the fossil in 
having bilaterally symmetrical, stipitate fruits 
and leaves that are entire (Holoptelea) or that 
have compound teeth. Cedrelospermum also 
differs from Ulmus and Planera in having leaves 
with very little branching of the secondary veins 
(Bumham, 1986). 

In view of the former practice of assigning 
American leaves of Cedrelospermum to Zel- 
kova, a genus presently native to East Asia and 



TABLE 2. Morphological comparison of Cedrelospermum with extant genera of Ulmoideae and with extant Celtidoideae’ 

c?&i4OspWmum mnrcs PkWW~ I IdOpl@l~ Zelkova 

Reproductive characters 
Phylkwylon Celtidoideae 

Flowers unisexual 
Flowering on new wood 
Fruits stipitate 
Pedicels bracteate 
Fruit winged 
Wing development asymmetrical 
Endocarp thin, elliptical 
Pollen sculpture rugulate 
Pollen pore numbet+ 
Pollen size, pmb 

Vegetative characters 
Twigs with spines 
Leaves with teeth 
Teeth 5 1 per secondary vein 
Length/width ratio, Jamina 

(number of leaves measured) 
Basal secondary veins acrodromous 
Leaf base commonly cordate 
Secondary vein branching frequent’ 

+ + - - + + + 
3J15 

18-22 (20) 

- 
+/- 

2.1-9: (4.6) 
190 
- 
- 
- 

f 
-c 
+ 
+ 
- 
+ 

25 
23-50 

- 
+ 

1.6-3.4 (2.3) 
31 

+ 
+ 

- 
+ 
+ 
- 
- 
na 
- 
+ 

2OZ(35) 

- 
+ 
- 

1.3-3.0 (2.0) 
19 
- 
+ 
+ 

+ 
+ 
nd 
+ 
- 
+ 
+ 

4-5 
23-33 (27) 

- 
- 

)A-2?(1.7) 
17 

+ 
+ 
- 

- 
na 
- 
+ 

25$28) 

- 
+ 

1.5-4: (2.4) 
39 
- 
+ 

nd 
+ 
+ 
- 
+ 

42-6;;7(47) 

+ 
+ 

2.1-2: (2.4) 
17 

+ (-) 
- 
- 
+ 
+ 
+ 
+ 
+ 
5 

29-38 (34) 

-;p+) 
na/- 

- 

2-3 
lo-31 

nd 

8 + = character present; - = character absent; na = not applicable; nd = not determined. 
b Data from Zavada, 1983. 
c More than 4 per leaf; Bumham, 1986. 
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it,e Caucausus region, it is useful to underscore 
,ht’ leaf and frmt characters that differentiate 
[hese genera. Leaves of Cedrelospermum are 
,,arr~w in comparison with those of Zelkova. 
Thus, the length-width ratiosaverage about 4.6 
(range 2.1-9.5) in Cedrelospermum nervosum 
;Ind C. lineatum, but around 2.5 (range 1% 
J,.:) in Zelkova, Ulmus, and other extant gen- 
c’r (Table 2). The leaves of all extant species 
Oi .Qlkova are serrate with prominent teeth 
ffum base to apex. The teeth of Cedrelosper- 
ll~~l~ti leaves typically are not as prominent and, 
in C. nervosum, the teeth may be few or none 
(the margin may even be entire). The conspic- 
uously winged, pedicellate fruits and thin el- 
liptical endocarps of Cedrelospermum contrast 
with the nonwinged, subsessile, globose en- 
docarps of Zelkova. Cedrelospermum resem- 
t+cs Zelkova in having unisexual flowers; most 
( ier ulmoideae have bisexual flowers. In Zel- 
h: I \‘a, flowers lower on the reproductive twigs 
;Lre usually staminate and those of the upper 
parts are usually pistillate. However, in Ced- 
relospermum the flowers of each twig are ex- 
clusively pistillate or staminate. 

Hemiptelea, with a single extant species in 
northeastern China and Korea, has promi- 
nently toothed leaves and curved globose en- 
docarps like those of Zelkova and has been 
‘ncluded within Zelkova by some taxonomists 
iiry Shaw, 1973). Unlike Zelkova, Hemip- 

relea has bisexual flowers and winged fruits. 
In addition, the single extant species of Hemip- 
telea is a shrub with prominent spines, whereas 
the three extant species of Zelkova are trees 
with unarmed branches. Spines have not been 
observed on twigs of Cedrelospermum and are 
absent in all other genera of the Ulmoideae, 
although they are present in some species of 
the Celtidoideae. Hemiptelea pedicels are ar- 
.iculated near the base such that the dispersed 
iiuits usually retain part of the pedicel. In con- 
trast, Cedrelospermum fruits were typically 
shed without the pedicel, leaving the complete 
pedicels attached to the twig. As in Cedrelo- 
spermum, the fruit wing of Hemiptelea is 
asymmetrical and has a prominent marginal 
vein (Manchester, 1987). However, the wing 
is more constricted, and veins across the ex- 
panse of the of the wing are absent or few in 
the modem genus. 

Although fruits of the Central and South 
American genus Phyllostylon resemble those 
of Cedrelospermum in the presence of a small 
secondary wing and a thin elliptical endocarp, 
they are much larger, and the major wing has 
a very different venation pattern, consisting of 
numerous closely spaced, thin subparallel veins 
that do not converge upon a stigmatic region 

(Manchester, 1987; in press). Leaves of Phyl- 
lostylon are comparable in characters of the 
margin to those of Cedrelospermum, but differ 
in their broader shape and frequently cordate 
bases. Although tinctionally unisexual like 
Cedrelospermum, the pistillate flowers of Phyl- 
lostylon bear stamens without pollen below the 
superior ovary (Pennington and Sarukhan, 
1968). 

EARLY DIVERSIFICATION OF THE ULMOI- 
DEAE- Cedrelospermum is sufficiently well 
understood morphologically that it should be 
taken into account as well as the extant genera 
in considering the history and evolution of the 
Ulmaceae. Cedrelospermum adds to the known 
diversity of the family and contributes to our 
understanding ofplasticity in characters of fiuits 
and foliage in the Ulmoideae. The extinct Ced- 
relospermum is more abundantly represented 
in the fossil record, by both fruits and foliage 
than most of the extant genera; consequently, 
its chronological distribution can be traced with 
greater precision. For example, in western 
North America we can follow it from C. ner- 
vosum, with leaves of variable shape and mar- 
ginal character and small fruits to C. fineaatum, 
with more constant leaf morphology and larger 
fruits. 

As presently understood from the fossil rec- 
ord of pollen (Muller, 198 1) and leaves (Takh- 
tajan and Zhilin, 1982; Bumham, 1986), the 
Ulmoideae evolved and diversified during the 
latest Cretaceous and early Tertiary (Manches- 
ter, in press). The oldest records are based on 
pollen from the Maastrichtian of North and 
South America and Asia reviewed by Muller 
(198 1). Leaves of Ulmoideae are common at 
some localities in the Paleocene of North 
America (Brown, 1962; Hickey, 1977; Bum- 
ham, 1986) and have usually been assigned to 
modem genera. I accept these Paleocene leaves 
as valid records of the Ulmoideae, but their 
assignment to modem genera is questionable. 
Bumham (1986) noted that the Paleocene 
species attributed to Zelkova and Chaetoptelea 
have more variable morphology and lower vein 
densities than later Tertiary and modem species 
of these genera. Unequivocal fruits of extant 
ulmoid genera are conspicuously absent from 
the Paleocene sediments where these leaves 
occur although the fruits are commonly found 
in association with the foliage in Neogene de- 
posits (Manchester, in press). 

The earliest appearance of a modem genus 
of Ulmoideae that can be confirmed by both 
fruits and foliage is that of Ulmus (Chaetop- 
Mea) in the early Eocene of western North 
America (MacGinitie, 194 1; Bumham, 1986; 
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Manchester, in press). Leaves closely resem- 
bling those of extant Zelkova (“Morphotype 
C” of Bumham, 1986) appear in the early part 
of the middle Eocene, and the genus is con- 
firmed in the middle Oligocene by twigs bear- 
ing both fruits and leaves from Manosque, 
France (Saporta, 189 1; refigured Manchester, 
in press). 

The appearance of Cedrelospermum in the 
early middle Eocene is long after the imrral 
radiation of Ulmoideae recorded by pollen, 
and appears to have coincided approximately 
with the appearance of the first extant genera, 
i.e., Ulmus and Zelkova. Cedrelospermum may 
thus be viewed as a product of the same ra- 
diation that produced these modem genera, 
rather than as an ancestral lineage. 

An apparent trend of increasing fruit size in 
Cedrelospermum through the Tertiary may 
have some utility in biostratigraphy both in 
North America and Europe. Fruit length is a 
useful criterion for distinguishing the two North 
American species (Table 1). Although there is 
some overlap, most of the specimens of C. 
nervosum (middle Eocene) are less than 2 cm 
in length (2 = 7.5 mm) whereas most speci- 
mens of C. Iineatum (lower Oligocene) are 
greater than 1 cm in length (X = 11 mm). In 
Europe the earliest occurrence of C. aquense 
from the late Eocene of Hating (Fig. 45; Et- 
tingshausen, 1885) has the smallest fruits (5 to 
7.5 mm, based on 5 specimens at GBV and 
NHMV). Fruits from the late OligoceneofRott 
(Fig. 46, 47) are more variable in size than 
those of the American populations (Table l), 
but average the same length as those of C. 
lineatum (X = 11 mm). Fruits from younger 
localities average still larger; Ruffle (1963) re- 
ported that the fruits from the late Miocene of 
Randecker Maar range from 7 to 17, normally 
15 mm long (based on at least 17 specimens). 
Whether the size differences among European 
populations are correlated with differences in 
foliage or other organs and indicative ofspecies 
differences remains to be determined. The in- 
creased overall fruit size is accompanied by 
increased endocarp size, suggesting that the 
amount of food reserves was enhanced by this 
trend. 

ECOLOGY- The abundance of isolated Ced- 
relospermum leaves in the Green River and 
Florissant deposits and the relatively thin tex- 
ture of the laminae, suggest that Cedrefosper- 
mum was deciduous. Although young leaves 
were present at the time of flowering, pollen 
size and morphology are consistent with the 
interpretation that Cedrelospermum waswind- 
pollinated as are most or all extant Ulmaceae. 

This genus may have produced much of the 
dispersed Ulmus- Zelkova type pollen present 
in the Green River (K. Newman, personal 
communication, 1988) and Florissant (E. Leo- 
pold, p. 362-363 in Penny, 1969) palynofloras. 

The relatively small-seeded fruits of Ced- 
relospermum, with wings obviously adapted 
for wind dispersal, suggest that it was an early 
successional plant that could establish seed- 
lings quickly in areas of open sunlight. Nearly 
all localities from which Cedrelospermum has 
been recovered, both in Europe (Mai, personal 
communication, 1987) and North America, are 
lacustrine volcanic ash deposits. The distinc- 
tive leaves and fruits are conspicuously absent 
from lignitic and clay deposits. Therefore, the 
known species of this genus were probably col- 
onizers of areas disturbed by volcanic ash de- 
position. Among extant Ulmaceae, some 
species of the celtoid genera Trema and Para- 
sponia occupy a niche similar to that envisaged 
for Cedrelospermum; Soepadmo (1977) states 
that they “come up in dense seral stands on 
eruptiva, on fresh volcanic ash . . . and are 
almost invariably an important constituent of 
thickets, seral regrowths, and secondary forest 9, 
* ’ Although edaphically restricted, Cedrelo- 
spermum must have had a rather broad cli- 
matic tolerance. It is represented in vegetation 
ranging from tropical or subtropical rain forest 
(e.g., the Nut Beds deposit of the Clamo For- 
mation; Manchester, 198 1) to seasonally dry 
tropical (e.g., the Green River Formation; Leo- 
pold and MacGinitie, 1972) to temperate mixed 
mesophytic (e.g., the Oligocene Gray Ranch 
flora Oregon; Brown, 1946). 

Cedrelospermum is among the limited num- 
ber of taxa that span the Eocene-Oligocene 
boundary in western North America, and thus 
was not immediately eliminated by the cli- 
matic cooling documented near the end of the 
Eocene (Wolfe, 1978) that resulted in massive 
range reductions and extinction of numerous 
broad-leaved evergreen taxa. However, the two 
American species recognized here correspond, 
respectively, to the Eocene and Oligocene, and 
it is possible that their morphological differ- 
ences may in part be a response to climatic 
factors. Although abundantly represented at 
Florissant, the genus had diminished in im- 
portance by the early Oligocene in Oregon (very 
few specimens in the Bridge Creek flora) and 
is not known from any of the Miocene floras 
of North America. Despite the apparent Gli- 
gocene extirpation of Cedreiospermum in Nod 
America, the genus continued to survive ia 
Europe even into the middle or late Miocene. 
Curiously, it does not appear to have colonized 
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eastern Asia, a region in which many genera 
of mixed mesophytic ecology survived during 
the Pleistocene. 
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